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(54) [Name of invention] Beam Scanning Antenna System 
(57) [Abstract] 

[Subject] At the beam scanning antenna system that able to keep gain with vector to the 
between beam and beam that is depending to composite appropriate power ratio chosen 
adjacent two beams, obtain desired beam direction with power dividing at simple analog 
circuit and theoretically no-loss. 

[Solving Method] Refer to Fig. 1. Divides signal from transceiver 6 to two signals VI 
and V2 of variable power ratio by divider/combiner 5, variable phase sifter 4a, 4b and 
hybrid 3. Then, input these signals to the applicable adjacent beam selection terminals 7 
respectively by the electronic switch 2. 

[Area of Patent Claims] 

[Claim 1] The multi-beam antenna contains the beam selection terminals that shall select 
any of beams. The signal dividing method that shall divides one signal into two power 
ratio variable signals. The beam scanning antenna system that featuring to consists by 
two signal terminals for the signals from divided signals, and the switch that responds and 
connects signals to the adjacent beam selection terminals. The above signal dividing 
method is connecting to the divider, phase shifter and hybrid. 

[Claim 2] The multi-beam antenna contains the beam selection terminals that shall select 
any of beams. The selecting switch that corresponds to the any of two adjacent beams to 
be connected to the beam selection terminals of the multi-beam antenna. The switch that 
shall connects two signal terminals to the beam selecting terminals for corresponding to 
the any of adjacent two beams. Shall connects it to the two signal terminals of switch that 
method provides composite signals from two variable power ratio signals to one signal, 
that the beam scarming antenna system that features above signal composition method 
consists hybrid, phase shifter and combiner. 

[Details of the Invention] 

[0001] 

[Technical Area of Invention] This invention is concerning to the beam scanning 
antenna system that able to keep gain even to the vector between beam and beam 

[0002] 

[Current Technology] The Array Antenna and Multi-beam antenna are well known for 
the antenna that able to scan direction of beams. The array antenna has many same 
antenna elements that able to obtain required direction by supplying differential signals of 
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amplitudes and phases to antenna elements respectively. The array antenna requires 
numbers of phase shifters to meet number of antenna elements. 

[0003] The multi-beam antenna has plural input terminals and plural antenna elements of 
different beam directions, that is a system getting selection of the antenna elements to be 
corresponding to the relating signal input terminals. The multi-beam antennas employed 
Butler Matrix Circuit for connecting selectable input terminals and antenna terminals. 
The multi-beam antenna is simplified structure that does not require numbers of phase 
shifter to meet numbers of antenna element, but can not scan beam continuously that has 
weak point for the less gain against the signals coming from between beam and beam. 

[0004] Then, offered the beam scanning antenna system that can keep gain against the 
signals coming from between beam and beam that select adjacent two beams, and vector 
them by random power dividing ratio. (Ref [Evaluation of Variable Multi-Beam Antenna 
Incorporated FFT Circuit of Microwave and Variable Power Two Divider] by Kira and 
others of Shin-Gaku-Gi-HouA-P98-45, pp.37-42, 1998-08) 

[0005] 

[The Subject of Solving by Invention] According to the reference above, set the power 
divide ratio by Digital Signal Processing of Digital Signal processor at the level of 
intermediate frequency. Then, convert it to the signal that designated setting by the 
frequency converter that supplies signal to the multi-beam antenna. (Refer to the Fig. 1 of 
above reference book.) Therefore, the technology imder the above reference book 
requires actual installation of the digital signal processing circuit and the frequency 
converter that makes complicated circuit structures. 

[0006] Then, it is preferable if can divide power of analog signals as it is that does not 
rely digital signal processing. As example, divide signals simply by the variable resister 
that makes power loss that is not preferable. This invention is theoretically no loss, and 
the purpose is the beam scanning antenna system with simple structure that can get 
designated direction under power dividing of analog signal as is. 

[0007] 

[Solving Method of the Subject] (1) This beam scanning anterma system under this 
invention is that incorporate the multi-beam antenna that contains the beam selection 
terminals for selecting any of beam and method of signal dividing of the signals to the 
variable power ratio into two signals. Then, the signal to be supplied from method of the 
signal dividing to the two signal terminals, and provides the switch for connecting any of 
these beams that are corresponding to the adjacent beam selecting terminals of multi- 
beam 
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antenna respectively. This method of signal dividing shall connect divider, phase shift 
and hybrid. (Claim 1) 

[0008] This structure shall divides signals into two signals by the divider, and supply any 
differential phases by phase shifter to the hybrid that can divide signals in the designated 
power ratio. Supply these two signals to the adjacent beam selecting terminals through 
switch that can transmit the beam that has direction between the adjacent two beams. 

(2) The beam scanning antenna system under this invention incorporates connections of 
the hybrid, phase shifter and combiner for method of above signal composition that multi 
beam antenna contains beam selecting terminals for selecting any of beams that to be 
connected to the beam selecting terminals of the multi beam antenna. And contains a 
switch for connecting two signal terminals to the adjacent corresponding beam terminals, 
and contains the composite two signals under method of variable power ratio into one 
signal. (Claim 2) 

[0009] Input the signal of different power ratio into hybrid, the signal does have different 
phases corresponding in the power ratio. Then, multiplex by the combiner, and in-phase 
by phase shifter that can receive signals from between beam and beam at maximum 
sensitivity. Also, it can set null when reverse phases each other. Adjust phases by phase 
shifter that can change beam directions. 

[0010] 

[Form and Operation of Invention] As below, shall explain details the form and 
operation of the application for the multi beam antenna for transmitting antenna under this 
invention referring to the attached drawings. Fig 1 is tiie block diagram that shows 
structure of the beam scanning antenna system. The beam scanning antenna system is that 
the multi beam antenna 1 that incorporate plural beam selecting terminals 7 of the multi 
beam antenna 1 and the beam selecting terminal 7 of the multi beam antenna 1 with two 
of signal terminal 8, and the switch that shall connect two of signal terminal 8 to the beam 
selecting terminal 7 corresponding to the adjacent any of two beams. And two of the 
terminal 8 of electric switch to be connected to the terminals Tl and T2 of the 90 degree 
hybrid 3, and the variable phase shifter 4a and 4b to be connected respectively to the two 
terminals T3 and T4 of the 90 degree hybrid 3, And the divider/combiner(thereafter 
divider) 5 to be connected to the variable phase shifters 4a and 4b. The divider 5 is 
connected to the transceiver 6. 

[0011] The above 90 degree hybrid 3 is consisted by 3dB directional coupler(constructed 
by face to face toward bilateral metal plates), bridge diplexer, rat race circuit, hybrid ring 
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and short slot. Indicate the signal from transceiver as complex voltage VO. The divider 
divides VO to the signals equally. The variable phase shifters 4a and 4b shall 

forward and/or delay the phase of the input signals 0 and -0 respectively. Accordingly, 
the output signal V4 of the variable phase shifter will be; 

V4=2-'^V0 exp (30) (1) 

Output signal V3 of the variable phase shifter 4b is; 

V3=2-"V0 exp (-j0) (2) 

[0012] The hybrid shall forwards phase of input signal V4 of terminal T4 to 45 degree, 
and shall delay phase of input signal V3 of terminal T3 to 45 degree, that shall outputs 
vector signal VI of respective signals to terminal Tl. That shall delay phase of the input 
signal V4 from the terminal T4 to 45 degree and forwards the phase of the input signal V3 
from the terminal T3 to 45 degree. Then, outputs respective vector signal V2 to terminal 
T2. Accordingly, vector signals VI and V2 shall be; 

Vl=r'^^[V4 exp (+j45°) + V3 exp (-j45°)] (3) 
V2=2-'^^[V4 exp (-j45°) + V3 exp (+j45°)] (4) 

VI and V2 shall be indicated from above formula as; 

V1=V0 cos (0+45°) (5) 
V2=V0 cos (0 -45°) (6) 

[0013] If phase angle 0 can be changed from -45° to +45°, it can change amplitude of VI 
from 1 to 0 and V2 from 0 to 1 without change phase of VI and V2 under these formulas 
(5) and (6). Accordingly, it can power dividing consequently. The electric switch 2 shall 
connects two input signals to the beam selecting terminals 7 that corresponds to any 
adjacent two beams. Refer to the example of six terminals of the beam selecting terminal 
7 that will be Fig 2. 

The electric switch 2 of the Fig. 2 incorporated two pieces of five contacts switch 21, and 
four pieces of two contacts switch 22. These switch 21 and 22 shall connects input 
terminals 8a and 8b to two of adjacent random beam selected terminals. Connect to the 
beam selecting terminals 7b and 7c in case of Fig. 2. 
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[0014] As the concrete example of the elements of these switch consisted by plural 
diodes. Fig. 3 shows example of the switching circuit. Under this example, structure 
consists by plural diodes D1~D6. Switching ON and OFF shall be made by controls of 
the bias voltages. At the bias A as plus voltage potential and bias B as minus voltage 
potential that output 2 shall be ON. At the bias A as minus voltage potential and bias B 
as plus voltage potential that output 1 shall be ON. At the both biases plus voltage 
potential, both outputs shall be OFF. 

[0015] Fig. 4 is the plotted graph of the output power along with beam directions using 
the beam scanning antenna system that transmission power vector of the beam B with 
direction of the between adjacent two beams Bl and B2. Fig. 5 is the vector graph of the 
power dividing ratio and the direction 0 of the beam B at the power dividing ratio to the 
beam selection terminals that is shown on the horizontal axis corresponding to the beam 
direction of the beam B. Subject to the beam nose of the beam Bl as 0I, beam nose of the 
beam B2 as o2, beam nose of the beam B can be suggested as 0 (0l<0<02). This 0 shall 
be depended on the power dividing ratio of VI and V2, and the power dividing ratio of 
the VI and V2 shall be determined to any amount by the changes of the phase angle 0 of 
the phase shifter 4a and 4b from -45° to +45°. 

[0016] Actual beam scanning antenna system contains divider 5, variable phase shifter 4a 
and 4b, and 90 degree hybrid 3 that create insertion loss, but total loss shall be less than 
IdB. Then, explains other case. Fig. 6 is the block diagram that shows one side only 
forwarded 20 by the phase shifter 4c of the signal among divided the signals equally by 
the divider 5. 

[0017] The formula equivalent to the above (5) and (6) under this structure will be as 
follows. 



Accordingly, the power dividing can be made even changed phased vector 2© from -90° 
to +90° by phase shifter 4C under structure of Fig. 6. However, the circuit structure of 
Fig. 6, the phase shifter 4C is incorporated one side only. The unbalanced power shall be 
occurred compared with Fig, 1 . The insertion loss of the phase shifter 4C is originally 
extremely low that can be ignored. 

[0018] Explained beam scanning antenna system under this invention to be used for 
transmission as above. This beam scaiming antenna system for receiving that the circuit 



V1=V0 cos (0 +45°) exp (j0) 
V2=V0 cos (0 -45°) exp 00) 



(7) 
(8) 
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structure of Fig. 1 can also be applied due to the reciprocity theorem that shall be omitted. 
(However, divider 5 shall read as combiner 5.) 

[0019] 

[Effect of the Invention] 

As noted above, the simple circuit structure can scan beam direction of the between beam 
and beam of the multi beam antenna without digital signal processing under this 
invention. 

Accordingly, the beam scanning antenna system can be made theoretically no-loss by the 
power dividing with the analog signal kept as is. 

[Simple Explanation of the Drawings] 

[Fig. 1] is the block diagram of the beam scanning antenna system showing structure. 
[Fig. 2] is the circuit showing structure of the electric switch that has six beam selection 
terminal 7. 

[Fig. 3] is a circuit diagram of the switch. 

[Fig. 4] is the plot graph of the transmission power directed to the beam at the 
transmitting beam B that has direction to the adjacent two beams Bl and B2 using with 
the beam scanning antenna system. 

[Fig. 5] is a graph showing vector angle 0 of the beam B and the power dividing ratio that 
the power dividing ratio of the beam selecting terminals corresponding to the beam B2 
shown on the horizontal axis, 

[Fig. 6] is the diagram showing 20 delay by the phase shifter 4C that supplied signal one 
side only among equally divided signals by divider 5. 

[Explanation of the Symbol] 

1 Multi Beam Antenna 

2 Electric Switch 

3 90 degree Hybrid 
4a, 4b, 4c Phase Shifter 

5 Divider/Combiner 

6 Transceiver 

7 Beam selecting Terminal 

8 Signal Terminal 
21,22 Switch 
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